The polysaccharide was isolated from Hizikia fusiformis (Hijiki) , which was harvested in Okinawa P refecture, Japan.
Fucoidan is a complex sulfated polysaccharide found in the cell-wall matrix of brown algae and some echinoderms. Fucoidan has been extensively investigated because of its various biological activities as an anticoagulant, l_5' antitumor6' and antiviral7)8) agents.
In previous paper, we isolated a fucoidan , which consisted of L-fucose, D-xylose, D-glucuronic acid , sulfuric acid and acetic acid in a molar ratio of 4 .0 : 0.03 : 1.0 2.0:2.0, from Cladosiphon okamuranus (Okinawamozuku)9) which had been commercially cultured on artificially seeded nets (1.5 X 20 m). The yield of the fucoidan was estimated to be 2.3% (w/w) based on wet algae. This suggested that fucoidan could be commercially produced on a simple industrial scale from artificially cultured Okinawamozuku.10) The annual production of the algae in Okinawa is reported to have been approximately 13,200 t in 2002.
We also isolated a fucoidan, which consisted of Lfucose, D-galactose and sulfuric acid in a molar ratio of 1.0 : 0.05 : 1.0, from Nemacystus decipiens (Itomozuku) which had also been commercially cultured on artificially seeded nets." The yield of the fucoidan was estimated to be 0.5% (w/w) based on wet algae . The annual production of the algae in Okinawa is reported to have been approximately 2,000 t in 2002. These seaweeds (Okinawamozuku and Itomozuku) are used in salad (Sunomono), so their utilization by the food industry has recently been increasing.
Hijiki Materials. Hijiki (Hijikia fusiformis) used in this study was harvested in June 2001 from Yonabaru Town , Okinawa. The collected seaweed was washed with tap water and air-dried in oven an at 40°C for 24 h . The dried seaweed was powdered in a blender .
Fucoidan used as the standard was extracted from Fucus vesiculosus (Sigma Co., Ltd., USA) .
Extraction and purification of the polysaccharide from Hijiki. The dried seaweed was suspended in 0.2 M HCl and stirred at room temperature for 24 h for extraction of polysaccharide. The extract was then filtered through Celite 545 and neutralized with 0 .5 M NaOH. The neutralized solution was concentrated and precipitated by the addition of 2 volume of ethanol . The precipitate was dried in vacuo.
The crude polysaccharide was dissolved in 0 .1 M CaC12 solution and passed through Celite 545 . The filtrate was dialyzed against distilled water overnight at room temperature and freeze-dried.
Purified polysaccharide was redissolved in distilled water and the solution deionized by passage through a column of Amberlite 120 (H+), and then neutralized with 50 mM NaOH. The solution was filtered through Celite 545 again. The filtrate was dialyzed against distilled water over-night at room temperature and freeze-dried.
Deacetylation of polysaccharide. An aqueous 1.5% solution of the polysaccharide was treated under an atmosphere of nitrogen with 0.05 M NaOH at room temperature over-night to accomplish deacetylation. The solution was neutralized with 0.05 M HCI, and then the product was dialyzed against distilled water and freeze-dried.
Chemical procedure. Total carbohydrate content was determined by the phenol-sulfuric acid method,15' using Lfucose as a standard. Uronic acid content was determined by the carbazole-sulfuric acid method,16' using Dglucuronic acid as a standard. Molecular mass. The molecular mass of the polysaccharide from Hijiki was determined by high-performance liquid chromatography (HPLC) (LC-6A; Shimadzu Co., Japan) with a column of TSKgel PwxL (7.8 X 300 mm, Tosoh Co., Japan) and detected with a refractive index detector RID-6A (Shimadzu Co., Japan) at room temperature. The column was eluted by 150 mM NaCI in a 50 mM phosphate buffer (pH 7.2) at a flow rate of 0.3 mL/ min. Pullulan P-5 (MW = 0.59 X 104), P-20 (2.28 X 104), P-100 (11.2 X 104) and P-400 (40.4 X 104) (Showa Denko Co., Japan) were used as the molecular weight standards.
Optical rotation. Optical rotation of the polysaccharide from Hijiki was measured at 589 nm on a polarimeter DIP-180 (Japan Spectroscopic Co., Ltd., Japan) for a 0.2% (w/v) solution in distilled water. The harvested seaweed (2000 g) was washed with tap water and then air-dried in an oven at 40°C for 24 h. The weight of the air-dried seaweed decreased to 280 g. The polysaccharide from Hizikia fusiformis (Hijiki) was extracted in 0.2 M HCl and purified as described in MATERI-ALS AND METHODS. The yield of the purified polysaccharide was 0.4% based on wet seaweed.
The total carbohydrate, uronic acid and ash of the polysaccharide were 66.5, 13.7 and 30.8%, respectively. The sulfuric acid content of the polysaccharide was estimated to be 26.3% (Table 1) .
The polysaccharide hydrolyzate was applied to a liquid chromatograph and L-fucose, D-galactose, D-glucose, Dmannose and D-xylose were detected (Fig. 1(A) ). The uronic acid of polysaccharide component was confirmed to D-glucuronic acid by a liquid chromatograph ( Fig. 1(B) ). According to each percentage of total carbohydrate, uronic acid and sulfuric acid content, the molar ratio of these sugar components and sulfuric acid was cal- The molecular mass of purified polysaccharide was es- Table 1 . Chemical components of polysaccharide from Hijiki (%, w/w) Table 2 . Molar ratio of the sugar components and sulfuric acid of polysaccharide from Hijiki. was observed in the polysaccharide. The spectrum was in agreement with that of standard fucoidan (Figure not shown). The spectrum of alkaline treated polysaccharide is shown in Fig. 3(B) . After the alkaline treatment of native polysaccharide, a small shoulder of absorption at 1720 cm-1 disappeared. This may be due to deesterification of the polysaccharide. 18)
The 1H-NMR spectra of native (A) and alkaline treated (B) polysaccharide are shown in Column, TSKgeI PWXL (7.8 X 300 mm); eluent , 150 mM sodium chloride in a phosphate buffer (pH 7.2); eluent flow , 0.3 mL/min. The calibration curve was made with pullulan with molecular masses of 40.4, 11.2, 2.28 and 0.59 X 104 as a standard . 105.8-102.6 ppm assigned to the anomeric carbons. The signals were complicated and these analysis are difficult. However, the disappearance of four signals were observed in the spectrum of alkaline treated polysaccharide (B). The disappearing signals of 25.3 and 23.4 ppm were methyl carbons of acetyl group10'20' and that of 177.2 and 175.9 ppm were considered to be carbonyl carbons of acetyl group.10' Therefore, the remaining signal of 187.4 ppm in low-field was assigned to the carbonyl carbon of D-glucuronic acid.
These results indicated that the polysaccharide from Hijiki is a fucoidan. Sulfate and acetyl groups were included in Hijiki fucoidan which were confirmed by IR and NMR spectroscopy, particularly, the sulfate groups attached to the C-2 or C-2 and C-4 of a-L-fucopyranosyl residues which was confirmed by 'H-NMR spectroscopy. It is reported that fucoidan's molar ratio of neutral sugars and ester sulfate affect its biological activities.2',22' In particular, fucoidan from Hijiki collected in the main islands had anticoagulant activity,14' so fucoidan from Hijiki collected in Okinawa also has to have this activity. Other biological activities of fucoidan from Hijiki collected in Okinawa, including more detailed structural analysis, are now under investigation.
In conclusion, it was elucidated here that Hijiki (Hizikia fusiformis) from Okinawa can be used as a source of fucoidan, the same as Okinawamozuku (Cladosiphon okamuranus)10) and Itomozuku (Nemacystus decipiens (A), native polysaccharide; (B), alkaline-treated polysaccharide.
